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Methods are disclosed for assessing the toxic or pathologic effects of a selected environmental stimulus or reagent on a mammalian 
cell by determining on a DNA grid a "fingerprint" hybridization pattem. The fingerprint pattern is characteristic of chemically or structurally 
diverse stimuli or reagents, which have a common adverse effect on gene transcription. A test compound is screened for a similar toxic 
effect by comparing its hybridization pattem on a similar grid to the fingerprint. 
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METHODS FOR IDENTIFYING THE TOXIC/PATHOLOGIC EFFECT 
OF ENVIRONMENTAL STIMULI ON GENE TRANSCRIPTION 

5 The present invention relates to the use of arrays or grids of mammalian gene 

sequence fragments from genomic (or cDNA) libraries for the screening of 
environmental factors, such as pharmaceutical compounds, physical factors, 
infectious agents, etc, for a toxic or pathologic effect upon gene transcription. 

Mammalian cells frequently respond to exogenous stimuli of many types by 
1 0 altering the rate of transcription. For example, exposure of mammalian cells to 

environmental factors such as ultraviolet light, pharmaceutical compounds and many 
others can increase or decrease the quantity of messenger RN A produced by the 
cells. These changes in transcriptional regulation can result in toxic or pathological 
responses by the mammal. For example, where the external stimuli is prolonged 
1 5 exposure to UV rays, the toxic response of the mammal can be sunburn. Where the 
external stimuli is a compound known to be hepatotoxic, the response is liver 
damage. Where the external stimuli is a carcinogen, the toxic response is 
uncontrolled groM^ of cells. 

The development of new pharmaceutical compositions and/or treatment 
20 regimens directed towards the treatment or prophylaxis of a variety of diseases, 
infectious or othen^vise, relies quite heavily on the ability to screen candidate 
reagents for possible toxic or pathologic response. In normal drug development a 
novel chemical compound, novel biological composition, and the like is run through 
a battery of assays in vitro and in laboratory animals to ascertain its safety (i.e., lack 
25 of toxicity) and effectiveness. 

The costs associated with the development of new pharmaceutical reagents 
are ever increasing, particularly when new compositions enter clinical trials. It is not 
unknovm for promising pharmaceutical candidates to pass the appropriate laboratory 
tests and enter the expensive stage of animal and human clinical trials, only to 
30 present toxic or pathologic effects in the in vivo setting for the targeted mammalian 
patient, normally humans. The elimination of previously promising drug candidates 
at such a late stage in product development is a major factor in the high costs of new 
effective drugs which ultimately do pass the final clinical trials. Such late 
elimination of toxic compounds also results in unnecessary human suffering and 
3 5 wasted effort. 

Methods have been described for obtaining information about gene 
expression and identity using so called "high density DNA arrays" or grids. See, 
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..g M. Chee e. al. Science, 2H:6I0-6I4 (1996) and orter references ched herein 
Such gndd,ng assays have been employed to identify certain novel gene sequences' 

T"^ '■^^ '^<"-^ ^- S'-nce, 252:1 65 1- 

1656 ( 991)). A variety of techniques have also been describeT^deiiiTftinE 
parucular gene sequ^ces on *e basis of dreir gene products. For exan,ple, s^ 

Intemat,onalPatentApplicationNo.WO91/07087.publishedMay30 1991 In 
add,„on, methods have been described for the amplification of dcsi,«i' sequences 
For example, see International Patent Application No. W091/I7271, published ' 

November 1 4, 1 99 1 . 

Accordingly, there exists a need for more efficient methods for screening 
novel pharmaceutical reagents, as well as other environmental stimuli or factors to 
Identify any toxic/pathogenic effect on gene transcription for both new drug ' 
development and new therapeutic regimens. 

of . . '".T ' °f ^^-^-g g-^tic effect 

1:^:" - ^ — - subject, said method comprising 

(a) providing a plurality ofidentical grids, each grid comprising a surface 
derl : - ^ « of unique 



, w w CI piuiaiuy oi unique 

defined gene sequence Augments, said oligonucleotide «,ue„ces comprising genes 
or fra™,s of genes obtained fi.m a healthy member of said mammalian s^ies- 
exposmg mammalian cells, tissue or organ to an environmental factor 



for a sufficient time to affect transcription of messenger RNA in said cells- 

(c) extracting and isolating mRNA from said exposed cells, tissue or 

organ of step (b); 

(d) extracting and isolating control mRNA from mammalian cells tissue 
or organ not exposed to said factor; 

(e) labelling the mRNA from steps (c) and (d); 

to . r f . • "^'^"^ ^'"^^'^ "^^^ ^om the exposed cells, tissue or organ 
to a nrst Identical grid to produce a first hybridization pattern detectable by an 
increased quantity of fluorescence in contrast to the remainder of the grid- 

(g) hybridizing the labeled control mRNA to a second identical grid to 
produce a second, comrol hybridization pattern; and 

Chan.. H T"'""' ^'^^^^ hybridization patterns to identify any 

change .n said first pattern from the control pattern, indicative of an effect on 
t^nscriptional regulation of said mammalian cells, tissue or organ exposed to said 
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The method of the invention thus employs the following steps. A plurality of 
identical DNA grids is prepared. At predefined regions on the grid surface, a 
plurality of defined amplified gene sequences (or oligonucleotide sequences) is 
immobilized. These gene sequences preferably are known or unknown genes, or 
5 ftagments of genes, obtained fi-om the cells (or a library of cells) of a healthy 

member of the marmnalian species. Messenger RNA is isolated and extracted ft-om 
manrunalian cells which are not exposed to a selected environmental stimulus, thus 
forming the "control" RNA. The "test mRNA" is extracted firom mammalian cells 
which have been exposed for a sufficient time to affect gene transcription to the 

1 0 selected stimulus. The control and test mRNA are randomly labeled, and each 
mRNA preparation is applied to an identical grid. The respective hybridization 
patterns are compared to identify any change in the test pattern from the control 
pattern, indicative of an effect on transcriptional regulation of the mammalian cells 
exposed to the stimulus. The determination of stimuli having a toxic or pathologic 

15 effect is useful, e.g., in the screening and development of new pharmaceutical agents 
and therapies. 

The arrays or grids of mammalian gene sequence fiagments fi-om genomic 
(or cDNA) libraries used in the method of the invention may be high density DNA 
arrays or grids. 

20 In another aspect, the method described above is performed for a "class" of 

stimuli, e.g., chemical or pharmaceutical compounds, which are to generate a 
common toxic or pathologic effect upon exposure to mammalian cells, e.g., 
hepatotoxicity. The method generates a "fingerprint" hybridization pattern for e.g., 
hepatotoxic, stimuli. Thus, test candidate drugs compositions may be screened for 

25 the likelihood of causing hepatotoxicity in mammalian cells by comparing the test 
hybridization pattern to the fingerprint at an early stage in drug development. 
Similarity between the fingerprint and the test pattern permit early elimination of the 
candidate drug from consideration, thus permitting only non-hepatotoxic compounds 
to proceed to drug development. 

30 In still another aspect, the methods of the present invention may be 

performed to identify those genes which are the most responsive to a particular toxic 
effect of an external stimuli. 

In still further aspects, the invention provides methods of identifying possible 
toxic or pathological effects of a variety of disparate physical stimuli, as well as 

35 chemical and pharmaceutical stimuli. 

Other objects, features, advantages and aspects of the present invention will 
become apparent to those of skill in the art fi^om the following description. It should 
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b. unde,s.ood. however, to the following descripdon, white indicating p„fe„«i 
en,bod.„,e„.s of the invention, are given »y way of iU„.„a.i„„ only " 
changes and modifications within the spirit and scope of the discloL ZZon will 
become readtly apparent to those sicilled in the ar, ^ reading the follow^ 
descnpt^nandf^omreadingtheotherpartsofthepresentdiscLt^ ^ 

assessin?l'r"! T"""" ""'^ ""^ ^ P'''"'""^ > "f 

assessrng dre effect of any environmental factor or stimtUus on gene expr^sion in a 

as descnbed below, pen„,t the tdentification of genes which display a response to a 
-s, compound, permit the identification of a hybridization pattl char^rn^ c tf 
known phystologic effect in response to a test compound and permit th 

^ZZZ "'^ ™= '•^-^"^ - 

Ifr^t Jn!irT°r'°''"'"~'^' ^^infonnation 
generated dtereby can be used m the phannaceutical i„dus«y to identify new dmes 

n occupattonal safety evaluations of the workplace enviro,Z.ent, and Z lly X 

ndustrres and settings where it may be necessary ,„ take measures to cor^« 

envrro^ta sumuli which cause adverse effects in humans, and other mlmals. 

follows '•-toed - 

As used herein, the tem, "gene" refers to the genomic nucleotide sequence 
from whrch a cDNA sequence is derived. TT.e term gene classically refls to T 
genomtc sequence, which upon processing, can produce ditferem I^As 

enc™, H K " P^lyWW-' ^ix^nce. peptide or protein 

encoded by a gene. The term "genomic librae" is meant to include but is noT 
^m.^d to. plasmid libraries, PCR products f^om genomic libraries. ;dn1 . lies 
and Uown sequences. MeUrods for the construcUon of such libraries are weH 

•■ JT^ ■» billed artisan 

isolated means altered "by the hand of man" from its natural state- i e that 

or both For example, a polynucleotide or a polypeptide naturally present in a livtol 
an^al ,n ,,s natural state is no. "isolated." but the same polynucleotide ' 
polypepttde separated from the coexisting materials of its natural state is "isolated " 
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as the term is employed herein. For example, with respect to polynucleotides, the 
term isolated means that it is separated from the chromosome and cell in which it 
naturally occurs. 

"Pathogenic effect" or "pathologic effect", as used herein, refers to a change 
5 in gene expression which may cause a disease or disorder. The change is due to 
exposure of a niainmal or mammalian cell to some environmental stimulus, as 
detailed below. 

As used herein, the term "solid support" refers to any substrate which is 
useful for the immobilization of a plurality of defined materials derived from a 

1 0 genomic library by any available method to enable detectable hybridization of the 
immobilized polynucleotide sequences with other polynucleotides in the sample. 
Among a number of available solid supports, one desirable example is the support 
described in International Patent Application No. WO91/07087, published May 30, 
1991. Examples of other useful supports include, but are not limited to, 

1 5 nitrocellulose, nylon, glass, silica and Pall BIODYNE C membrane. It is also 

anticipated that improvements yet to be made to conventional solid supports may 
also be employed in this invention. 

The term "grid" means any generally two-dimensional structure on a solid 
support to which the defined materials of a genomic library are attached or 

20 immobilized. Preferably according to this invention, three types of grids are useful. 
One grid useful in this invention contains as its defined oligonucleotide materials, 
unique nucleic acid sequences [or "tags"; or expressed sequence tags ("EST")] from 
all human genes identified. A second useful grid contains imique nucleic acid ESTs 
from genes cloned from a tissue or a cell line. Still a third type of grid useful in the 

25 present invention contains unique nucleic acid tags from genes classified as 

particularly relevant to identification of a selected environmental toxicity. Grids are 
desirably constructed from animal species used in the preclinical assessment of 
compound safety. 

As used herein, the term "predefined region" refers to a localized area on a 
30 surface of a solid support on which is immobilized one or multiple copies of a 

particular amplified gene region or sequence and which enables hybridization of that 
clone at the position, if hybridization of that clone to a sample polynucleotide 
occurs. 

By "immobilized/* it is meant to refer to the aUachment of the genes to the 
35 solid support. Means of immobilization are known and conventional to those of 
skill in the art, and may depend on the type of support being used. 
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"^viromnental factor" or ".nvtame™. slimul," are u^d herein 
o descnbe a w.de variety of „. che^ica, or biologica, fac«,rs which ca^ 
changes ,„ gene transcription in a n,a™nalian cell when .he ntanrnial itself or a 
cultnre of such mamn^lian cells, is exposed to that factor. For example, physical 

.nct^ase or dect^e in temperatu.; an increase or dec^e in exposure to ionizing 
or „ltravK,le. tadtafon. and the like. A biological/chemical stimuli can include 
wtthou, „nnta.on. administering a fansgene ,o the mammal, or eliminatingtgene 

agent or an endogenous compound, agent or analog thereof to the mammal 

co„ I '^'^"^'^ """P""" ^ ^ ^ pharmaceutical 

compot^d. a toxtc compound, a protein, a peptide, a chemical composition, among 
other^ An exogenous agent can include nann.1 pathogens, such a. micmbial agenu 
wh- h can alter gene transcription. Examples of pathogen, include bacteria, vi^^' 
and lower eukaryotic cells such as iungi, yeast, molds and simple mulUcellular ' 
organtsms whtch are capable of infecting a mammal and replicating its nucleic acid 
sequenc^ m the cells or tissue of that mammal. Such a paU,ogen is generally 
associated w,th a disease condition in the infected mammal 

An endogenous compound is a compound which occurs namtally in the 
body. Examples .ndudehonnones, enzymes. ,eceptors.ligands. and tite like. An 
analogue ,s an endogenous compound which is preferably produced by recombinant 

leT; """"^ """^ '-^-"y --"'"^ compound in 

By "transcriptional effect" is meant an increase or decrease in rate of 
transcription m the mammalian cells exposed to the stimuli 

A "fingerprint" as used herein is defined as a characteristic hybridization 
pattern on a gnd indicating a common toxicological response, i.e.. similar increases 
m gene transcnptton that result in similar tissue damage. For example, using the 

!^d so o^ '° ' ''f"' 

By "label" as used herein is meant any conventional molecule which can be 
read y attached to mRNA and which can produce a detec.ble signal, the ntli^ 
o. „h,ch ,„d,cates the relative amount of hybridization of the mRNA to the DNA 
tragmen, (oligonucleotide) on the grid. Piefetred labels are fiuorescen, molecules or 
tadioacve molecules. A variety of well-known labels can be used 
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METHODS FOR IDENTIFYING THE TOXIC/PATHOLOGIC EFFECT 
OF ENVIRONMENTAL STIMULI ON GENE TRANSCRIPTION 

5 The present invention relates to the use of arrays or grids of mammalian gene 

sequence fragments from genomic (or cDNA) libraries for the screening of 
environmental factors, such as pharmaceutical compounds, physical factors, 
infectious agents, etc, for a toxic or pathologic effect upon gene transcription. 

Mammalian cells frequently respond to exogenous stimuli of many types by 

1 0 altering the rate of transcription. For example, exposure of mammalian cells to 

environmental factors such as ultraviolet light, pharmaceutical compounds and many 
others can increase or decrease the quantity of messenger RN A produced by the 
cells. These changes in transcriptional regulation can result in toxic or pathological 
responses by the mammal. For example, where the external stimuli is prolonged 

1 5 exposure to UV rays, the toxic response of the mammal can be sunbum. Where the 
external stimuli is a compound known to be hepatotoxic, the response is liver 
damage. Where the external stimuli is a carcinogen, the toxic response is 
uncontrolled growth of cells. 

The development of new pharmaceutical compositions and/or treatment 

20 regimens directed towards the treatment or prophylaxis of a variety of diseases, 
infectious or otherwise, relies quite heavily on the ability to screen candidate 
reagents for possible toxic or pathologic response. In normal drug development a 
novel chemical compound, novel biological composition, and the like is run through 
a battery of assays in vitro and in laboratory animals to ascertain its safety (i.e., lack 

25 of toxicity) and effectiveness. 

The costs associated with the development of new pharmaceutical reagents 
are ever increasing, particularly when new compositions enter clinical trials. It is not 
unknown for promising pharmaceutical candidates to pass the appropriate laboratory 
tests and enter the expensive stage of animal and human clinical trials, only to 

30 present toxic or pathologic effects in the in vivo setting for the targeted mammalian 
patient, normally humans. The elimination of previously promising drug candidates 
at such a late stage in product development is a major factor in the high costs of new 
effective drugs which ultimately do pass the final clinical trials. Such late 
elimination of toxic compounds also results in unnecessary human suffering and 

35 wasted effort. 

Methods have been described for obtaining information about gene 
expression and identity using so called "high density DNA arrays" or grids. See, 
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e.g M Chce =. al, Sciesce. 274:610-614 (1996) and other refe,^„<:es cited fl,erein 
Such ^ddu,g assays have been e.np,oyed .o identify certain novel gene ^Z^s 

1656 ( 991)]. A vanety of techniques have also been describel^deiiirfying 

,~T: •'■-8- P-'^ucts. For example si 

In.emat,o„al Patent Application No. WO91/07087, published May 30 1991 In 
addtuon. methods have been described forthe amplification of desited sequences 

Accordingly, there exists a need for n^or. efficient methods for screening 
novel phanrtaceutical reagents, as well as other environmental stimuli or factors to 
.den ,fy any toxtc/pathogenic effect on gene transcription for both new drug 
development and new therapeutic regimens. 

In one aspect, the invention provides a method of assessing the genetic effect 
of a .^.d envronmental factor on a mammalian subject, said method compriS: 

(a) P'-o-Mng a plutalityofidentical grids, each grid comprising a surftce 
on wh,ch .s .mmobilized at predefined regions on said surface a plurLty of unt^ 
defined gene sequence fragments, said oligonucleotide sequences comp„iTeI 
or fiag,r>e^ts of genes obtained fiom a healthy member of said mamm^ian specir 
for "--ran^'ian cells, tissue or organ to an environmental factor 
for a sufflccnt «me to affect transcription of messenger RNA in said cells- 
(c) f>vtfOA-+;«. ' 



organ oLp ( ""^^ ^^^^^^Z.. or 

" or organ' not ex^LTd^r;'"^ """"" "'"^ 

(e) labelling the mRNA from steps (c) and (d)- 

to a f J?denf TT"' - organ 

to a fir^t .dent.cal gnd to produce a first hybridization pattern detectable by an 

increased quantity of fluorescence in contrast to the remainder of the grid 

oroduce 'J'"'""' ''''''' "^^^ ^ --"^ identical grid to 

produce a second, control hybridization pattern; and 

Chan. r"'""' hybridization patterns to identify any 

hange m sa.d first pattern from the control pattern, indicative of an effect on 
.anscnptiona. regulation of said mammalian cells, tissue or organ exposed to said 
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The method of the invention thus employs the following steps. A plurality of 
identical DNA grids is prepared. At predefined regions on the grid surface, a 
plurality of defined amplified gene sequences (or oligonucleotide sequences) is 
immobilized. These gene sequences preferably are known or unknown genes, or 
5 fi*agments of genes, obtained from the cells (or a library of cells) of a healthy 

member of the mammalian species. Messenger RNA is isolated £ind extracted fi*om 
meimmalian cells which are not exposed to a selected environmental stimulus, thus 
forming the "control" RNA. The "test mRNA" is extracted from mammalian cells 
which have been exposed for a sufficient time to affect gene transcription to the 

10 selected stimulus. The control and test mRNA are randomly labeled, and each 
mRNA preparation is applied to an identical grid. The respective hybridization 
patterns are compared to identify any change in the test pattern from the control 
pattern, indicative of an effect on transcriptional regulation of the mammalian cells 
exposed to the stimulus. The determination of stimuli having a toxic or pathologic 

1 5 effect is useful, e.g., in the screening and development of new pharmaceutical agents 
and therapies. 

The arrays or grids of mammalian gene sequence fi-agments fi-om genomic 
(or cDNA) libraries used in the method of the invention may be high density DNA 
arrays or grids. 

20 In another aspect, the method described above is performed for a "class" of 

stimuli, e.g., chemical or pharmaceutical compounds, which are to generate a 
common toxic or pathologic effect upon exposure to mammalian ceils, e.g., 
hepatotoxicity. The method generates a "fingerprint" hybridization pattern for e.g., 
hepatotoxic, stimuli. Thus, test candidate drugs compositions may be screened for 

25 the likelihood of causing hepatotoxicity in mammalian cells by comparing the test 
hybridization pattern to the fingerprint at an early stage in drug development. 
Similarity between the fingerprint and the test partem permit early elimination of the 
candidate drug from consideration, thus permitting only non-hepatotoxic compounds 
to proceed to drug development. 

30 In still another aspect, the methods of the present invention may be 

performed to identify those genes which are the most responsive to a particular toxic 
effect of an external stimuli. 

In still further aspects, the invention provides methods of identifying possible 
toxic or pathological effects of a variety of disparate physical stimuli, as well as 

35 chemical and pharmaceutical stimuli. 

Other objects, features, advantages and aspects of the present invention will 
become apparent to those of skill in the art from the following description. It should 
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embod^ants of tte i„ve„U„„, are given by way of i„usUa.io„ only vlZ^T 
change, and ™d,f,ca«o„. „iu,i„ U,e spirit and scope of .be disCoL in" „ on wiU 
become read.ly appa^, .0 U,ose skilled in fte a« from reading Ae folloX 
5 "-nPI'onandfton.readingU.eo.herpar.of.hepresen.diJosure ' 

assassin! rr"! '"7""™ °' "-"^^S a n,ethod of 

amassing U,e effect of any envtronmantal factor or stimulus on gene expression in a 

:^ztr "'"'^^ -i>ni,u:s.::p ed 

test compound, panmt the tdamification of a hybridization partem characteristic of 
k^ov™ physiologic effect in response to a test compo»«. and pennit Z 
sl^Zew TT^finScprintsareusamiin 

ganarated thereby can be used m the phannacautical industry to identify new druss 
n occupafona, safefy evaluations of the woricplace environment, and Z Zy^ 
mdustries and senings where i, may be necessary to take measutas ,0 coZ 
enviroranental stimuli which cause adverse effects in h„„, j » con-ect 

<!,v.™t A J . """nans, and Other mammals. 

20 follow.. '^"^ ^-fl-io" ara dafmad as 

As used herein, the term -gene- refers to the genomic nucleotide sequence 
!:„! a CDNA sequence is derived. T.e .arm gene classically raflZ ha 
g.nom,c sequence, which upon processing, can produce differam I^As 

'5 a„e„H H K " Po'^WMe Sequence, peptide or protein 

" ^ S-e. The tann "genomic libra,,- is meant to include but is nT 
hm.»^ .0, plasmrd libraries, PCR products from genomic libraries, DNA libLes 
«d kno™ sequences. Methods for the con^ction of such librar es ara J 1 
^ov™ by those Skilled in the art. A genomic libtat, may be adjusted .0 minimize 

0 ne g™ T^^r^'": " ' approximately 

"Lm ^ " for thts adjustmem ata wall known ,0 the skilled artisan 
Isolated -^ans altered "by the hand ofman" from its natural state- i a that 

:rin?j„:rs::et~^^^ 

= -~~fromthecoexis.i!g::ar:r— ^^^^^^ 
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as the term is employed herein. For example, with respect to polynucleotides, the 
term isolated means that it is separated from the chromosome and cell in which it 
naturally occurs. 

"Pathogenic effect" or "pathologic effect", as used herein, refers to a change 
5 in gene expression which may cause a disease or disorder. The change is due to 
exposure of a mammal or mammalian cell to some environmental stimulus, as 
detailed below. 

As used herein, the term "solid support" refers to any substrate which is 
useful for the immobilization of a plurality of defined materials derived from a 

10 genomic library by any available method to enable detectable hybridization of the 
immobilized polynucleotide sequences with other polynucleotides in the sample. 
Among a number of available solid supports, one desirable example is the support 
described in International Patent Application No. W09 1/07087, published May 30, 
1 99 1 . Examples of other useful supports include, but are not limited to, 

1 5 nitrocellulose, nylon, glass, silica and Pall BIODYNE C membrane. It is also 

anticipated that improvements yet to be made to conventional solid supports may 
also be employed in this invention. 

The term "grid" means any generally two-dimensional structure on a solid 
support to which the defined materials of a genomic library are attached or 

20 inunobilized. Preferably according to this invention, three types of grids are useful. 
One grid useful in this invention contains as its defined oligonucleotide materials, 
unique nucleic acid sequences [or "tags"; or expressed sequence tags ("EST")] from 
all human genes identified. A second useful grid contains unique nucleic acid ESTs 
from genes cloned from a tissue or a cell line. Still a third type of grid useful in the 

25 present invention contains unique nucleic acid tags from genes classified as 

particularly relevant to identification of a selected environmental toxicity. Grids are 
desirably constructed from animal species used in the preclinical assessment of 
compound safety. 

As used herein, the term "predefined region" refers to a localized area on a 
30 surface of a solid support on which is immobilized one or multiple copies of a 

particular amplified gene region or sequence and which enables hybridization of that 
clone at the position, if hybridization of that clone to a sample polynucleotide 
occurs. 

By "immobilized," it is meant to refer to the attachment of the genes to the 
35 solid support. Means of inrunobilization are known and conventional to those of 
skill in the art, and may depend on the type of support being used. 
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The terms "environmental factor" or "enviromnental stimuli" are used herein 
o descnbe a ™de variety of physical, chemical or biological factors which ca;r 
changes m gene transcription in a mammalian cell when the mammal itself, or a 
culmre of such mammalian cells, is exposed to that factor. For example, physical 
envtromnenta. sttmuli can include, without limitation, the diet of the mal , t 
.nctease or dec,^ in temperatute; an increase or decrease in exposure to ion'ilg 
or u,t,a.o,et rad.atton, and the Uka. A biologicaVchemica, stimuH can include 

from the mammal; admrmstering an exogenous synthetic compound or exogenous 
agent or an endogenous compound, agent or analog thereof to the mammal 
co™™, H " ''^P'^' ^''"Senous synthetic compound can be a pharmaceutical 
compotmd. a tox,c compound, a ptotein, a peptide, a chemical composiUon, among 
other^ An exogenous agent can i™:lude natural pathogens, such as microbial agenl 
whtch can alter gene transcripUon. Examples of pathogens include bacteria, vi^e!' 
and lower eukaryotic cells such as fungi, yeas,, molds and simple multicellular ' 
organisms whtch are capable of infecting a mammal and replicating its nucleic acid 
sequences m the cells or tissue of that mammal. Such a pathogen is generally 
associated with a disease condition in the infected mammal 

^ endogenous compound is a compomid which occurs naturally in the 
body. Examples include hormones, enzymes, receptors, ligands, and are like. An 
tlT " - P-f-ably produced by recombinant 

Z ~' -"Po-d in 

By "ttanscriptional effect" is meant an increase or decrease in rate of 
transcription in the mammalian cells exposed to the stimuli 

A "fmgeiprint" as used herein is defined as a chamcteristic hybridization 
pattem on a gnd indicating a common toxicological response, i.e., similar increases 

T'""""" ti^^ue damage. For example, using the 

n.nH-, "'r'^'" """" °°"^entional molecule which can be 

Jd, y attached to mRNA and which can produce a detecable signal, the inte'ity 
ot which indicates the relative amoun, of hybridization of the mRNA to the DNA 
tagmem (oligonucleotide) on the grid. Preferred labels are fluorescent molecule^ or 
radioactive molecules. A variety of well-known labels can be used 
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Method of the Invention: 
A. The Grids 

According to the present invention, a method is provided which enables the 
association of selected environmental stimuli with changes in gene transcription. 
5 One of the specific applications of this technology is the understanding and 

prediction of toxic reactions to environmental manipulations and modifications, such 
as those stimuli listed above. Another application is in pre-clinical and clinical drug 
development, where the method of this invention enables the screening of 
compounds having a similar toxic effect on gene transcription by comparison to the 

1 0 effect of another stimulus. 

In the practice of this method, a plurality of identical grids is prepared, so 
that each grid carries on its solid surface a plurality of defined unique gene 
(oligonucleotide) sequences immobilized at predefined regions on the surface. The 
gene sequences immobilized on the grids are as defined above, i.e., as unique nucleic 

15 acid tags from all human or other mammalian genes, or from only a selected tissue, 
e.g., reticulocytes, or the liver, or a selected cell line, or from genes knovra to be 
relevant to environmental toxicity, e.g., the lung, kidney, heart, blood cells, etc. 
These genes or fragments of genes immobilized on the grids may be obtained from 
an oligonucleotide library of a healthy member of the mammalian species, e.g., a 

20 healthy human. Other manmials of interest include, without limitation, a non-human 
primate, a rodent, and a canine. 

For the purposes of this invention, it is not necessary that the grids reflect a 
single target organ, although such a specific target grid can be used. It is anticipated 
that the response of the mammalian cell to various environmental stimuli that effect 

25 gene transcription is likely to be stereotypic of genes in other cells. Thus, the grid 
can be prepared from red or white blood cells, reticulocytes, or undifferentiated 
cells, even where the particular toxicological effect is damage to the liver or some 
other particular tissue. Alternatively, such a grid can be prepared from hepatocytes 
only, or from cells from the effected organ or tissue only. All grids are anticipated 

30 to reflect the same hybridization pattern upon exposure to a reagent or stimulus that 
is known as hepatotoxic. The same is true regardless of the type of toxicological 
damage, e.g., cardiac damage, kidney damage, hematopoietic cell damage, etc. 

The gene fragments immobilized on the grid may be obtained from a random 
cDNA library of the target mammal using known techniques. Alternatively, a 

35 cDNA library of genes from a selected organ or tissue may be prepared as the source 
of the sequences immobilized on the grid. The RNA is isolated and reverse 
transcribed to cDNA using standard procedures for molecular biology such as those 
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disclosed by Sambrook et al., MOLECULAR CLONING, A LABORATORY 

c M f '™ SP-g H-bo^ Lab 

Press Cold Spnng Harbor. NY 1989. The cDNA librae is then constructed in 

accordance with procedures described by Fleischn^annetal. Science. 1995.269:496- 
5 2. For the purposes of the present invention, a cDNA library can comprise a 
plasm^d hbrary. PCR products from a cDNA librae, or known sequences 

A plurality of genes or gene fragments, whether known or random and 
unknown from the selected library are gridded onto a surface of a solid support at 
predefined locations or regions, preferably at 6X coverage. By "plurality of 
materials derived from the genomic library" it is meant to include, but is not limited 
to. mdivxdual clones spotted onto and grown on a surface of the solid support at 
predefined locations or regions; or plasmid clones isolated from said library PCR 
products derived from the plasmid clones, or oligonucleotides derived from ' 
sequencing of the plasmid clones, which are immobilized to the surface of the solid 
support at predefined locations or regions. As selection of genes involved in e g 
carcmogenicity, apoptosis. inflammation, metabolism of compounds etc. may be' 

The grids used in the invention may contain, e.g., up to 5,000 genes or gene 

fr!gmeif ''^'^ S""^^ g^"^ 

Numerous convemional methods are employed for immobilizing these gene 
sequences (ohgonucleotides) to surfaces of a variety of solid supports, ^ee, e.g 
Affimty Techniques, Enzyme Purification: Part P, Methods in Enzymology, Vo'l. 
34, ed. W.B. Jakoby. M. Wilcheck. Acad. Press, NY (1971); Immobilized 
Bioehernicals and Affinity Chromatography, Advances in Experimental Medicine 

4 76^ r I'n . . ^'"''y- U Patent 

4 762 881; U.S. Patent No. 4.542,102; European Patent Publication No. 391 608 

(October 10, 1990); or U.S. Patem No. 4,992,127 (November 21, ,989) ' 

One desirable method for attaching these materials to a solid support is 
, QQ n n Application No. PCT/US 90/06607 (published May 30 

sell P^^''^^"^^ - a surface of a 

sohd support, where the predefined regions are capable of immobilizing the 
matenals. The method makes use of binding substrates attached to the surface 
which enable selective activation of the predefined regions. Upon activation, these 
b ndmg substances become capable of binding and immobilizing the materials 
derived from the genomic library. 
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Any of the known solid substrates suitable for binding nucleotide sequences 
at predefined regions on the surface thereof for hybridization and methods for 
attaching nucleotide sequences thereto may be employed by one of skill in the art 
according lo the invention. 
5 As described above the genes or gene fragments may be of knov^ or 

unknown function. In a fingerprinting method it is not necessary to know the 
function of every gene since the method may not be looking at specific pathways of 
toxicity but at distinct patterns of gene expression in response to environmental 
factors. 

10 B. Obtaining the mRNA for hybridization to the grids 

The selected mammalian cells, tissues or organs to be examined for 
transcription changes are subjected to the environmental stimulus for a sufficient 
time to affect transcription of messenger RNA in the cells. This "exposing" step can 
occur by treating or exposing a living healthy animal or human to the stimulus. For 

15 example, the selected mammal may be administered a reagent, such as an exogenous 
or endogenous compounds as described above. Alternatively, the mammal may be 
exposed to a physical stimulus, e.g., UV radiation: 

Alternatively, a mammalian cell culture or tissue culture, or viable organ, 
e.g., liver, heart, etc., may be exposed to the stimulus in vitro, A control mRNA 

20 source is an untreated animal, tissue, organ or cell culture. 

The exposure to the environmental stimulus, which may be stimuli knovra to 
cause a specific physical effect, e.g., hepatocyte damage, cancer, etc., occurs for a 
time sufficient to result in the alteration from the normal of the transcription level of 
the cells so exposed. The sufficient time will depend upon the particular stimulus 

25 being studied and, in fact, determination of a sufficient stimulus time is well within 
the skill of the art. 

Where the mRNA source is a cell culture, the culture is then incubated under 
a selected set of defined in vitro or in vivo conditions to produce a test culture. In 
addition, non-exposed cells are also cultured under the same set of defined 

30 conditions to produce a control culture. By "defined conditions" it is meant, but is 
not limited to, standard in vitro culture conditions recognized as normal (i.e., non- 
pathogenic) for a selected mammalian cell, as well as in vitro conditions which 
reflect or mimic in vivo pathogenic settings (conditions) such as heat shock, 
auxotrophic, osmotic shock, antibiotic or drug selection/addition varied carbon 

35 sources, and aerobic or anaerobic conditions, and in vivo, pathogenic conditions. 

Preferably, such conditions are predetermined to allow maximum growth of the non- 
exposed cells. 
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convener? " T -8-. ^ue or cell cutare by 

co„ve„.,onal means. Harvesting can be perfonned during various growth sages of 
^e cens .o ascertain ^ es^ntiali,, of a parricular gene during difLn, s, g^ f 

late loganto,c growth, stationary phase growth or late stationary g^wth R^A (o 
DNA, .s then extracted and isolated fron, the harvested „o„-ex^sed cl^ ofTe 
control culture, and RNA is e«racted and isolated fton, the celfs exposed ^ the 
.e.estc„,tureusings.andard„e,hodo,og,es^ 

mRNA extracted fton, Ure cells of the control culture and from the cells of 
fte e« are dten used to generate labeled probes. When n^A from the 

^cordmg ,0 standard methods using random primers, preferably hexamers 1 

a«. Al mRNA from the "control" or the "exposed" sou,.e is randomly labeled by 
~onal means, such as nick translation, multiprime labeHing or other 

labellmg toe mRNA sequences may be used and make hybridisation of the 
.mmobUtzed materials detectable. For example, fluorescence, n,dioactivi.y 

C. Hybridization to the grids 

iden,- 1?'°"^ '"^"^ ^ hybridization probes against dte 

^d= .ca, h H dens ty grids. Ubeled probes prepare, from mRNA elc,edt,m 

hybnd.^d to a second .dentical grid, resulting in a "control" hybridizadon pattern 

are ,h T --i -nfrol hybridization patten, 

a^e then compated. In the control pattern, the mRNA binds to certain genes T^^e 

e Tflt c '""■^"^ - of detectable signal 

expressed m greater quantuies that others in the remainder of the grid 

will be tZT "y -n>ul- 

W.11 be bound by a greater amount of labeled mRNA, and genes for which 

m-^rr T""'! - amoun, Of labeled 

n.RNA, .hus ahermg the hybridization pauem from tha, of ,he control. Comparison 
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of the test and control patterns reveals the effect of the test compound on 
transcription of certain genes located at the predefined locations on other grid. 
D. The Fingerprints 

Thus, where the test compound or stimulus is a stimulus known to cause a 
5 physiological effect, for example, a toxic reaction of a subject resulting in damage to 
a major organ, e.g., liver, kidney, heart, blood cells, the method of this invention 
may be performed to provide a hybridization pattern which correlates with that 
damage. Most desirably, for preclinical drug screening according to this invention, 
any collection of known and structurally distinct toxicants which have the same 

10 physiological effects, e.g., hepatotoxicity, can be employed in this method to 

generate a characteristic "fingerprint" hybridization pattern for hepatotoxic stimuli. 

Where it is desired to produce a common hybridization pattern such known 
toxicants, a set of grids are calibrated vnth a repertoire of the structurally diverse 
toxicants that produce the same pathological/toxicological reaction; e.g. 

1 5 hepatotoxicity or nephrotoxicity. In other words, labeled RNA from a mammalian 
cell source exposed to the known toxicants are hybridized to identical grids to 
produce a common toxicant hybridization pattern. If the variety of known toxicants 
produce a characteristic common hybridization pattern, the common toxicological 
responses are likely to be the result of similar increases in transcription of selected 

20 genes, resulting in similar tissue damage. This toxicological fingerprint pattern may 
be used along with the "control" pattern for comparison with the pattern of a test 
compound/stimulus of unknown function or result. Thus the common fingerprint 
for, e.g., hepatotoxicity, is used to screen a stimulus of unknown function or effect to 
determine if that stimulus is likely to produce hepatotoxicity in the mammal. 

25 Similarity in the "test" pattern to the hepatotoxic fingerprint enables the 

putative identification of the test compound as a hepatotoxic compound. Thus, if the 
test compound was a drug candidate, it can be eliminated from consideration at the 
earliest stages of drug development on the basis of its effects on gene transcription 
as measured on the grids. Similarly the method permits the test compound or 

30 stimulus, if an environmental factor present in e.g., the workplace, such as radiation, 
etc., to be identified as a potential health hazard, and corrected. 

According to this method, therefore, a battery of fingerprint hybridization 
patterns may be prepared for all known toxicants. Any new drug candidate or other 
environmental stimulus may be screened by the above method for probable 

35 toxicological effects by comparison to standard fingerprints for other known stimuli 
causing liver damage, kidney damage, damage to the hematopoietic systems, etc. 
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5 E. Preclinica] Embodiments of the Method 

In a pmicularly desirably embodiment of the method of thi. in„ 
» effects of phannacoiogically relevant concentration^of comtZ" 
expression in biood ce,,s are examined t.i„, .he methodTof th ~ " ITene 
express,on fi„gen,rin. is developed through this meUtodology by exToX tht 
nucleated blood cells, e.g., reticulocytes, v*ite cells, .o a vlty ™L 
described above The rpcnhir.^ a • . -^^^^y oi toxicants as 

novel compound is^ y ^ „ ~ " "T '° ^ 

^"''^'^'°="=°P"»'<«:e a similar pathological reaction Tlie 
nfo^ation assists decisions about which compounds to ta^e forward to cl^L 
de^^ent. and enhances safety in the clinic through accurate and early Xio„ 

In „>oC^''r7'r °f '--"on - to analyze the 

:xpro!r:rc~^^^^^ 

The Oenes and Proteins Identified by the Method- 

In still another embodiment, the method described above, and/or the 

a ZZoT" ^'^^-'^-P-O" -pound's toxici^ ' 

Application of the compositions and methods of flns invenUon as above described 
^so pro Ides .her compositions, such as any isolated gene sequence " 
unusualty reactive to the toxic result of one or more known toxicants 
useful i„ lT""f ■ ' ^"""'^ ^n-l-odiment. the methods of dns invention is 

cel s d i:LT"'^ '"""^ Sene expression in 

^n: ~r rr ™ '° ^^""^-'^ — 

who remained well H 1 ^<"'''''"' ^""^ 

;;.=.rga„,:u::yr::r:^^^^^^^^^^^ 
rrrthratf" ---- 

dUteremially expressed to a significant degree may be obtained. 
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An embodiment of the invention is any gene sequence identified by the 
methods described therein. These gene sequences associated with the toxic reaction 
are used to obtain full-length cDNA clones by conventional methods. The genes 
may be studied in greater detail; e.g. through sequencing and mutation analysis. 
5 These gene sequences may be employed in conventional methods to produce 

isolated proteins encoded thereby. To produce a protein of this invention, the DNA 
sequences of a desired gene invention or portions thereof identified by use of the 
methods of this invention are inserted into a suitable expression system. In a 
preferred embodiment, a recombinant molecule or vector is constructed in which the 

1 0 polynucleotide sequence encoding the protein is operably linked to a heterologous 
expression control sequence permitting expression of the human protein. Numerous 
types of appropriate expression vectors and host cell systems are known in the art for 
mammalian (including human), insect, yeast, fungal and bacterial expression. 
The transfection of these vectors into appropriate host cells, whether 

1 5 mammalian, bacterial, fungal or insect, or into appropriate viruses, results in 

expression of the selected proteins. Suitable host cells, cell lines for transfection and 
viruses, as well as methods for construction and transfection of such host cells and 
viruses are well-known. Suitable methods for transfection, culture, amplification, 
screening and product production and purification are also known in the art. 

20 In one embodiment, the essential genes and proteins encoded thereby which 

' .have been identified by this invention can be employed as diagnostic compositions 
. .usefijl in the diagnosis of a disease or infection by conventional diagnostic assays. 
For example, a diagnostic reagent can be developed which detectably targets a gene 
sequence or protein of this invention in a biological sample of an animal. Such a 

25 reagent may be a complementary nucleotide sequence, an antibody (monoclonal, 
recombinant or polyclonal), or a chemically derived agonist or antagonist. 
Altematively, the essential genes of this invention and proteins encoded thereby, 
fragments of the same, or complementary sequences thereto, may themselves be 
used as diagnostic reagents. These reagents may optionally be detectably labeled, 

30 for example, with a radioisotope or colorimetric enzyme. Selection of an 

appropriate diagnostic assay format and detection system is within the skill of the art 
and may readily be chosen without requiring additional explemation by resort to the 
wealth of art in the diagnostic area. 

Additionally, genes and proteins identified according to this invention may 

35 be used therapeutically. For example, genes identified as essential in accordance 

with this method and proteins encoded thereby may serve as targets for the screening 
and development of natural or synthetic chemical compounds which have utility as 
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a drug component preventing diseases or disorders resuhinn fV 

> <=°"™«°"^^^y^»''«<^l>niqu« may be used for screening and 

deve opn,en, of sueh dn.gs. For example, a meU,od for identifying cllunds 
whieh specifically bind to or irfiibit proteins encoded bv ,h„ ""^""'^'^ 

include simply a,e steps of contacting a nit ^'^'^ 

compound to pennit binding of.be ^^TJJZ'Z^T.Tr. ' 
<kc amount of tes, compound, if any which is bo Jd tol ""^'^^ 

eJlv L "^-^^ds of drug screening can involve 

employing a suitab e computer Droaramtr,H»*^ • '"involve 

complementary structure to ZZTl T"' """"^ 

«g.osecompounr„:rm:r:r:::rp::™ 
.p.viirm;trci:;:r^^^^^^^ 

o.fi^m.tsd,er^^^ 

des,red. Thus hese compounds are also encompassed by this invention. 

ci.edin:i::r:;i'tLtc:::^^^^^^ 

reference herem as though fully set forth. 

Numerous modifications and variations nfth« 
in .be above-identified specification and oTob 
-he a„. Such modifications and alterations toT " '° °" 

present invention are believed to bl '"■"P-^-on^ and processes of the 

appended hereto encompassed in the scope of the claims 
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The invention is illustrated by the following examples. 
Examples 

Gene expression measurements using Microarrays 

Source of cloned sequences 

5 Sequences were derived from several sources. IMAGE clones (human derived 
cDNA sequences inserted into bacterial plasmids) were ordered from Research 
Genetics in duplicate. The stocks were streaked out onto agar plates, and 3 colonies 
per clone were PGR screened with gene specific primers to determine which clones 
contained the correct sequences. Positive clones were then sequenced (ABI 

1 0 automated sequencer) and checked against the sequence database to ensure the 
clones were correct. Six clones were prepared de novo by PGR from SB human 
cDNA. Rat, mouse and dog clones were prepared de novo by Reverse 
Transcriptase-PCR (RT-PGR) from species specific RNAs using gene specific 
primers and were also sequence confirmed. Stocks containing the correct clones 

1 5 were preserved as glycerol stocks. In total the microarray comprises of: 77 

sequences representing 45 different mammalian genes; and 5 yeast gene sequences. 

Preparation of DNA for the microarray 

DNA was amplified in 96 well plates on a Perkin Elmer 9600 Thermal Cycler using 
a mixture of vector primers specific for BSK and pT7T3 (Pharmacia). Total reaction 

20 volume was lOOul containing the following: lul of culture from the stock containing 
the correct clone, lOuI lOX PGR buffer (10X=300mM Tricine, 20mM Magnesium 
Ghloride, 50mM BetaMercaptoEthanol), 0.5ul Perkin Elmer Taq polymerase 
(5U/ul), 200uM dNTP's (Amersham), 50ng each primer, including Universal 
Forward and Reverse, as well as 2 primers made to the Pharmacia pT7T3 vector. 

25 38 amplification cycles were carried out: 2 minutes @ 94°G initial soak (1 cycle); 35 
seconds @ 94*^G (autoincrement 1 sec per cycle); 30 seconds @ 55°G; 1 minute 45 
seconds @ 72°G (autoincrement 1 sec per cycle) and a 10 minutes @ 72°C final 
extension period. 

PGR yields and specificity were checked by agarose gels, and the products were 
30 Ethanol precipitated as follows, in Nunc 96 well V-bottom plates. 1 Oul of 3M 

Sodium Acetate was added to the lOOul PGR reaction, mixed, then 275ul of 100% 
Ethanol was added, and mixed again. Plates were stored at -20°G for 20 minutes, 
followed by a 30 minute spin in a Beckman GS-6R tabletop centrifuge using 
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Beckman Microplus carriers, at 3000rpm 4°C P^iUto 

the wells, Which were washed with SoT^ Ethl T " °' 

for 20 minutes. Pellets were air dried " . 

water. ' '""^"^P^'^'l^d at 300ng/ul in distilled 

^ Preparation of the Microarray 

A 1 0 ul aliquot from each of the suspended PPR nr^n * 

volume of 1 IM NaSCN fj T eZ, ^ ^ ^'^^^^ 

average diameterofLCe^r:^^^^^^^^^^ 

to-spot centers at a distance of 500 n.i.r !T ^P^^' 
to air dry and then f P""*'"^' ^"'^^^ -^^^ -"owed 

'^^^^d then placed mto a vacuum oven for 2 hours at 80°C Prior to 
hybndization. the slides were washeH f,.r i n • • 

15 .i„«es i„ ddH20, and ^/dll ^""^^ ^ 

Preparation of cDMa p^y^.^ 

Suner.rrint Tl™ ^. ^ ^^""^ "^^^d out with a GibcoBRL 

Heated to 68 C for 10 mmutes and retamed to ice for 1 minute. 

25 "^'^f'' ^""^ ''^P' °" i« "«« '^quired- XIO PCR 

of dCTP), 0.8ul Cy3^- dCTP /a„,. ^ concentration of 280uM 

2U1 0. 1 M DTT to give a ^lo W ^ — " --uM and 

The amiealed RNA (1 1 .2ul) was added, on ice to the 7 8ul PPR 
50 gently and then incubated at 39 5 V for s ""'^ "^''^^^ 

was added, mixed eentlv 1 ' Superscript II™ (200U/ul) 

t^u, juixea gently, and the mix incubateH at -xo <:^r- r i 
A further 1 ul of Superscrint II™ '"^"^^^^^ ^t ^9.5 C for a further 60 minutes. 

Superscript II was added and incubated at 39.5°C for another 60 
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minutes. The reaction was terminated by heat inactivating the Superscript II at 68 C 
for 5 minutes. 

RnaseH (2U/ul) was added and incubated at 39.5°C for 20 minutes and the probe 
cleaned up by running through a Quiaquick™ PGR column according to the 
5 manufacturers instructions. 

Yeast control RNA's were made by in vitro transcription of cloned YGL097, 
YDR432, YMLl 13, YFL021 and YGR014 cDNA's using a Riboprobe in vitro 
Transcription System (Promega). For quality assurance purposes, the yeast RNA's 
were added to the reaction at ratio's of 1 : 1 00, 1 : 1 ,000, 1 :5,000, 1 : 1 0,000 and 

1 0 1 :20,000 (wt/wt) respectively. After incubating the reaction at 39.5'*C for 60 

minutes, an additional lul of Superscript II RT was added and incubated at 39.5°C 
for a further 120 minutes. Following termination of the reaction, lul of RNase A 
(lOug/ul) and lul of RNase H were added and incubated at 39.5°C for 20 minutes. 
Unincorporated label was removed by passing the reaction dovm a Qiaquick PGR 

1 5 Purification Kit (Qiagen) according to the manufacturers protocol. To ensure the 
probe was completely free of unincorporated nucleotide, the above procedure was 
repeated before drying the probe to completion in vacuo. 

Hybridisation 

The probe was dried down and resuspended in 12ul (for full-length cover slips) or 
20 4ul (for small cover slips) of hybridisation buffer (5xSSC, 0. 1 % SDS, 0.25uM 

p A20) and incubated at 1 00 G for 5 minutes. The probe mixture was pipetted onto 
the microarray surface and covered v^th a glass cover slip and sealed with latex 
glue. The microarray was transferred to a hybridisation oven and incubated at 42''C 
for 15 hours. 

25 Washing 

The glue and coverslip was removed whilst the microarray slide was immersed in a 
bath of low stringency buffer (2xSSC, 0.1% SDS) at room temperature and the slide 
incubated for 5 minutes. The slide was then washed in a high stringency wash 
(O.SxSSG, 0.1% SDS) on a flat bed shaker at room temperature for 5 minutes. After 
30 repeating the high stringency wash, the microarray slide was quicky placed in a 
50ml Falcon tube and centrifuged (2 minutes at 200 x g) to remove any traces of 
wash buffer. 

Data Gapture 
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Analysis of Data 

Gene Expression analysis frnm n,:..^.^^.. 

calculanng fte ra,,o of U,a spot density ,o ,he sum of all ,he spot densities Id 
xpressed as the nDxA (for nonnalised density per „„i, area) TheZ (T^t of «,e 
r^ted vs controWalu. ^ J_ - a^)o *e 

".Tn ;crs:ft.rr 

.ene expression ,f the sigL j :l^^olT " ^""'"^ 

—fordXr:^::^^^^^^^^^^^^ 

:r::^:tre^"— -"--'^---ae.rdin. 
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CLAIMS: 

1. A method of assessing the genetic effect of a selected environmental factor 
on a mammalian subject, said method comprising the steps of: 

(a) providing a plurality of identical grids, each grid comprising a surface 
on which is immobilized at predefined regions on said surface a plurality of unique 
defined gene sequence fragments, said oligonucleotide sequences comprising genes 
or fragments of genes obtained from a healthy member of said mammalian species; 

(b) exposing mammalian cells, tissue or organ to an environmental factor 
for a sufficient time to affect transcription of messenger RNA in said cells; 

(c) extracting and isolating mRNA from said exposed cells, tissue or 
organ of step (b); 

(d) extracting and isolating control mRNA from mammalian cells, tissue 
or organ not exposed to said factor; 

(e) labelling the mRNA from steps (c) and (d); 

(f) hybridizing the labeled mRNA from the exposed cells, tissue or organ 
to a first identical grid to produce a first hybridization pattern detectable by an 
increased quantity of fluorescence in contrast to the remainder of the grid; 

(g) hybridizing the labeled control mRNA to a second identical grid to 
produce a second, control hybridization pattern; and 

(h) comparing the first and second hybridization patterns to identify any 
change in said first pattern from the control pattern, indicative of an effect on 
transcriptional regulation of said mammalian cells, tissue or organ exposed to said 
factor. 

2. The method according to claim 1 wherein said grid comprises unique nucleic 
acid sequence tags from human genes. 

3 . The method according to claim 1 or 2 wherein said grid comprises unique 
nucleic acid sequence tags from genes cloned from a selected tissue or cell line. 

4. The method according to any one of the preceding claims wherein said grid 
comprises unique nucleic acid sequence tags from genes which are particularly 
relevant to the identification of a selected toxicity. 

5. The method according to any one of the preceding claims wherein said 
mammalian cells are exposed in vivo or in culture. 
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6. "^^^"^^^^d according to any one ofthe preceding claims wherein said 

LprisI'- '° ""^ ■ '° ' -posing ..p 

a) administering a transgene into said mammal; 

b) eliminating a gene from said mammal; 

c) administering an exogenous compound to said mammal- 
said ma:!:a::r ^ - - '^-o^- 

e) exposing said mammal or cell to a pathogenic microorganism. 

Lcrip'iJonTltf?' t"' ^'^^ ™^ -^-in 
rZeT ? " " '^"^"^ ^" transcription in the 

exposed mammalian cells, tissue or organ. 

9- The method according to any one of the preceding claims wherein said 
mammal .s selected f.om a non-human primate, a rodent, a canine. andThlan. 

ictabieirn:' r^'^"' ^° ^^^^^ ™^ 

aeieciabie label is a fluorescent molecule. 

deflnedllT"" ^'"^ *^ '^'"^^ ^'-^^ "harcta said 

defined gene sequences are known genes or flagmems thereof. 

efrec. on man,malian subjects and .en^^ " 
pattern cHa.acteris.ic of sL^t^^e:"™"" 
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(b) screening a test compound according to the method of claim 1 , steps 
(a)-(f), to generate a test compound hybridization pattern; and 

(c) comparing the test hybridization compound to said fingerprint 
hybridization pattern, 

wherein substantial identity between the fingerprint and test patterns 
indicates that said test compound shares said common toxic effect. 

14. The method according to claim 13 further comprising eliminating the test 
compound firom an early stage of drug development on the basis of its hybridization 
pattem which is substantially identical to the fingerprint. 

15. An isolated gene sequence which reacts by altered transcription to exposure 
to an environmental factor, and which is identified by the method of claim 1 . 

16. An isolated protein produced by expression of a gene sequence of claim 15. 

17. A therapeutic compound capable of modulating expression of the gene 
sequence of claim 1 5 for use in the prevention of a toxic reaction to said 
environmental factor. 

18. A therapeutic compound capable of modulating activity of a protein of claim 
16 for use in the prevention of a toxic reaction to said environmental factor or the 
treatment of the toxic reaction. 

1 9. A diagnostic composition useful for the diagnosis of a toxic reaction to an 
environmental factor comprising a reagent capable of detectably targeting a gene 
sequence of cledm 15. 
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